Four methods for demonstrating the breakdown of glucose by bacteria have been compared, three of which depended on showing the production of acid from glucose and the fourth on detecting the removal of glucose from the medium. The four methods varied in sensitivity with different groups of bacteria and possible reasons for this are discussed in terms of interaction between glucose and protein metabolism.
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I N T R O D U C T I O N
The ability of many bacteria to metabolize carbohydrates has long been used in classification and identification. This property is usually demonstrated by acid production from a carbohydrate incorporated in a nutrient medium, often a peptone water ' sugar' medium (PWS), in which the source of nitrogen is provided by peptone. This medium is useful for detecting acid production by bacteria which metabolize carbohydrates by fermentation because much acid is produced. However, bacteria which metabolize glucose oxidatively (non-fermenting bacteria) may produce less acidity (Hugh & Leifson, 1953) , and alkali produced by the bacteria from the peptone may neutralize any acid produced. Hugh & Leifson (1953) developed OfF medium in which a low concentration of peptone overcame these difficulties, and this medium has been widely used in studies of non-fermenting bacteria. Park (1967) modified the O/F medium and developed a method in which the removal of glucose from a low peptone medium (modified Hugh & Leifson medium -MHL) was demonstrated enzymically . Park found that some non-fermenting bacteria removed glucose from the medium but showed little or no acid production in the O/F medium. Smith, Gordon & Clark (1952) used a medium with ammonium sulphate as a nitrogen source to demonstrate acid production from carbohydrates by members of the genus Bacillus. This medium has also been used for non-fermenting bacteria (Lapage, Hill & Reeve, 1968) .
In the present study a number of strains was tested for their ability to attack glucose using PWS medium, the O/F medium of Hugh & Leifson (1953), Park's (1967) MHL medium, and ammonium salt sugar medium (ASS) (Smith, Gordon 8z Clark, 1952).
METHODS

Bacteria.
A total of I 8 I strains, mostly non-fermenting bacteria, was used, comprising strains from the National Collection of Type Cultures (NCTC) and also more recently isolated strains. The groups used are listed in Table I Inoculation and reading of results. The media were inoculated with a straight wire from overnight cultures of the bacteria. Incubation was at 37" except for strains of Pseudomonas Juorescens and Chromobacterium lividum which were incubated at 22". The MHL medium was incubated with the test tubes tilted to ensure a large surface area of culture medium. With O/F medium both a narrow and a wide tube were inoculated with each strain. The wider tubes were incubated aerobically and the narrow tubes were sealed with vaseline to produce anaerobic conditions. Results were read at I , 3, 5, 7 and 10 days, acid production being noted with the PWS and ASS media, acid or alkali production with the O/F medium in both open and sealed tubes, and removal of glucose from the MHL medium by placing a drop of the medium on to a 'Clinistix' reagent strip (Miles Laboratories, Stoke Poges, Buckinghamshire). The ' Clinistix' strip develops a blue colour with glucose, hence removal of glucose from the medium was shown by the absence of this reaction.
Strains which showed differences in the results between the four methods were retested in all four media at least once.
RESULTS
The reactions of different groups of bacteria grown in the four media, are shown in Table I . In Table 2 the results for the O/F medium have been scored only as either attack on glucose (+) or no attack on glucose (-) and the distinction between oxidation and fermentation, as well as alkali production, have been ignored. By this simplification the results shown in Table I fall into seven combinations of test results. These results show that the PWS medium is much less sensitive than the other three media and, although the ASS, Total no. of strains positive +, Attack on glucose; -, no attack on glucose.
DISCUSSION
The various combinations of results are discussed below, and both neutralization of acid by alkali produced from peptone (Hugh & Leifson, 1953; Park, 1967) and preferential metabolism of peptone over glucose (Hamilton & Dawes, 1959; Board & Holding, 1960) appear to have played a part.
PWS-, O/F+, A S S + , MHL+.
This combination suggests that the relatively high concentration of organic nitrogen present in the PWS interferes either with acid production IP: 54.70.40.11
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due to repression of glycolysis, or with the demonstration of acid production due to alkali formation.
P WS-, O/F-, A S S -, MHL + .
Only the three strains of Pseudomonas maltophilia gave this combination of results confirming the finding of Park (1967) that strains of P. maltophilia removed glucose from MHL medium but failed to produce acid in O/F medium. Superficially, the results suggest that glucose is broken down without the production of acid, as not enough alkali would be produced from the traces of protein in the ASS medium to mask acid production, although enough might be produced in the O/F medium to do so. This latter is confirmed by the fact that a strong alkaline reaction was given in the O/F medium without glucose, and, in the medium with glucose, slight alkali production was indicated in the first few days of incubation but later disappeared. However, acid production in the ASS medium can readily be shown when methionine which is required absolutely for the growth of P. maltophilia (Iizuka & Komagata, 1964 , is added to the medium. Without methionine, strains of P. maltophilia grew poorly and probably too little to produce acid. Titration of uninoculated ASS and O/F media with N/IOO hydrochloric acid showed that the ASS medium required twice as much acid as the O/F medium to effect a colour change. Hence the production of acid in the methionine-supplemented ASS medium but not in the O/F medium was not due to any greater buffering capacity of the O/F medium or a lesser sensitivity of its indicator.
These results were given by I I of the 16 strains of Acinetobacter lwofii probably due to preferential utilization of the peptone over the glucose in the PWS, O/F and MHL media. They cannot be explained by masking of acid production (by alkali in the peptone-containing media) as glucose was not removed from the MHL medium.
These results were given by four strains of Neisseria, two of Flavobucterium meningosepticum and the single strain of Moraxellu kingii. The negative results in the ASS medium were due to the paucity, or absence, of growth on this medium of those strains which had been previously shown (Snell, 1970) to have complex nutritional requirements.
The results obtained with the bacterial strains used in this study indicate that, although the O/F, ASS and MHL media are considerably more sensitive than PWS medium, no single medium is sufficient in all cases to demonstrate attack on glucose by the 'non-fermenting' bacteria. Although the distinction between a positive and a negative result for glucose breakdown in a given medium may be a useful diagnostic feature, no great taxonomic weight can be placed on such a distinction as a negative result is not necessarily evidence of the lack of the enzymes concerned with glucose breakdown; it may be the result of using a medium unsuitable for demonstrating this property.
These results show that ASS medium, originally designed for use with the genus Bacillus, is useful for the 'non-fermenting' bacteria, and this medium has been successfully used for carbohydrate studies on these bacteria over a period of years in the NCTC.
